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ECONOMETRIC ANALYSlS OF U.S. FARM LABOR MARKETS 
George H. K. Wang and Earl 0. Heady 
INTRODUCTION 
Quantitative knowledge of factors affecting the demand and supply 
of farm labor is important in analyzing problems of farm income, the 
supply of farm products and labor mobility and adjustments. The empiri-
cal results of this study, based on recent time series data, hopefully 
can increase quantitative knowledge about market relationships for 
family farm labor and hired farm labor. 
Econometric studies of the U.S. farm labor market have a long 
history. These studies include Griliches [13], Johnson [23], Tweeten 
[31], Schuh [28], Tyrchniewicz and Schuh [32, 33], Arcus [1], Wallace 
and Hoover [38], Heady and Tweeten [20], Gisser [11], Bauer [3], Martinos 
[25], Hammonds [15], and others. A brief summary of these studies is 
described in Wang [40]. Most previous studies support the hypothesis 
that demand for both family farm labor and hired farm labor depends on 
the farm wage rate, farm income, and prices of farm products. The 
hypothesis that the supply of hired farm labor is responsive to the 
farm wage rate, nonfarm wage rates, and unemployment is supported by 
previous studies. However, there is less previous empirical evidence 
2 
to indicate that the supply of family farm labor is responsive to the 
real farm wage and nonfarm wages. 
OBJECTIVES 
This study tests whether previous empirical results still hold in 
a more recent sample period. Most previous estimates were made by 
single-equation ordinary least-squares or generalized least squares 
methods. Some estimates used limited-information simultaneous equation 
procedures with the assumption of independent errors. However, little 
attention has been given to the choice of appropriate estimation pro-
cedures. Finally, to the best of our knowledge, no previous published 
works exist on the derivation and analysis of the dynamic properties 
of models for family farm labor and hired farm labor. In this study, 
we report empirical results of estimates obtained by alternative esti-
mating procedures. We also report the dynamic properties of models 
for the two components of farm labor. 
Primary Purposes 
The primary purposes of this study are threefold: (a) to construct 
and estimate dynamic models o( U.S. family and hired farm labor markets 
using time series data from 1940 to 1973, (b) to analyze the structural 
I. 
elasticities for this period and to compare them with those from pre-
vious studies, and (c) to derive and analyze the dynamic properties of 
models of family farm labor and hired farm labor markets. A secondary 
purpose of the study is to make comparisons of estimates obrained by 
three estimation procedures. These include: (a) ordinary least squares, 
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(b) two-stage least squares, and (3) autoregressive two-stage least 
squares. The empirical evidence of small sample properties of these 
estimators provide useful information in estimating dynamic simultaneous 
equation models when different assumptions about error term prevail. 
THE BASIC MODEL 
The basic model includes a demand function and a supply function 
for farm labor. Marginal productivity theory is used as a guide for the 
specification of the demand for farm labor. Under the conditions of 
perfect competition in factor a~d product markets and given a production 
function, input demand by the firm is obtained from the individual firm's 
first-order conditions for profit maximization [17, 18, 22]. As a result, 
input demand is a function of input prices, price of output, and the 
level of technology. The aggregate demand function of input is obtained 
by summing input demand functions of individual firms. 
Under conditions of occupational immobility, an individual's sup-
ply of labor is derived from his first-order conditions for utility 
maximization. On this basis the individual's supply of labor is partly 
a function of the wage rate available to him. The market supply of 
labor again is obtained by summing all individual labor supply functions. 
As a result, the market supply of farm labor should be a function of 
the farm wage rate, alternative wage rates (or labor returns), and 
various factors influencing labor's occupational mobility. 
Static economic analysis generally ignores the time required to 
adjust to changes in exogenous variables in a system. It is common 
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for economic agents to distribute their response to economic stimuli 
over a period of time. Lags in response may be due to institutional 
factors and to imperfect information about the future. In the current 
case, reasons for expecting a lag response in demand for farm labor 
include: (a) contractural obligations with hired labor, (b) uncertainty 
about the future, and (c) habit persistence. 
Conditions giving rise to a lag in the supply response for farm 
labor to the changing economic conditions are numerous. A lack of 
training or education may prevent many farm workers from competing for 
better paying nonfarm jobs. Previously signed contracts and attach-
ments to a family still in agriculture may prevent farm labor from 
seeking alternative employment even though other employment opportunities 
are available. Incomplete information may serve as an obstacle as may 
costs associated with migration. The preference of farm workers to 
work or live in the countryside frequently is given as a reason. In 
any case, numerous conditions are expected to cause the supply response 
of farm labor to be lagged as economic variables change in magnitude. 
For these reasons, a Nerlove-type distributed lag hypothesis [26] 
is introduced into each equation of the model. The partial adjustment 
hypothesis can be stated as 
p 
~ 
i=l 
* 
a.x . 
1 t1 
The yt is the long-run equilibrium quantity demanded the xit' 
(1) 
(i = 1, 2, .•• , P) are the independent variables and the a are the 
i 
coefficients of corresponding variables xit. The economic value to 
s. 
* which yt refers may not always be able to attain the desired level 
instantaneously. Thus, the observable variable, yt' may reflect a 
partial adjustment from the current to the long-run equilibrium level. 
Following Nerlove's formulation, we can specify a stochastic partial 
adjustment process as follows 
0 < y < 1 (2) 
where y 1 is the observed quantity demanded lagged one period, y is t-
the partial adjustment coefficient and ut is a stationary time series. 
This states that the change in the observed variable is proportional 
to the difference between the long-run equilibrium level and the current 
level. Substituting (1) into (2), we have a statistical model in which 
all variables are observable. 
The conceptual model discussed above and the availability of the 
data provide us guidance to construct empirical models. Considerable 
experiments were made on the alternative specification of models. For 
convenience of presentation and later discussion, the major final 
statistical model for the farm labor market are presented as follows 
Family labor component 
F F F 
Ylt = Sll + f312 y 2t + Tll Xlt + T12 x2t + f310 Yl, t-1 + f313 x3t + ult 
(demand) 
F 
ylt = 821 
(supply) 
(3) 
6 
Hired labor component 
H 
= a + a y + v x 11 12 2t '11 lt 
(demand) 
(supply) 
where u. i=l, 2, 3, 4 represent the error terms and is assumed to be 
1t 
distributed as a first order autoregional process with the absolute 
values of autocorrelation coefficients P.(i=l, 2, 3, 4) less than one. 
J. 
Further, Et is assumed to be normally independently distributed with 
zero mean and constant variance a:, i=l, 2, 3, 4. 
1 
The notation of variables in equation (3) is defined as 
F ylt family farm labor employment, USDA estimates measured in 
F 
Yl,t-1 
H y lt 
H 
Yl,t-1 
number of workers (in thousands) on farm, 
F yit lagged one period, 
hired farm labor employment, USDA estimates measured in number 
of workers (in thousands) on farm, 
H yit lagged one period 
F y2t represents "price" for family farm labor. Two sets of 
measures are used to approximate "price" for family farm 
labor: (1) the composite index of hired farm labor is used 
as "going prices" for family farm labor; and (2) net income 
7 
per farm operator is employed as an alternative measure of 
"price" for family farm labor, 
H y2t = index of real farm wage rate measured as an index of the 
hired farm labor composite wage rate, deflated by the consumer 
price index or by the index of prices paid for living items 
in rural areas, 
x1t = index of prices received by farmers, all products deflated 
by index of prices paid by farmers for production items 
excluding labor, 
x2t = index of technology which is approximated by the agricultural 
productivity ratio, 
x3t A dummy variable is used to capture the war effect on the 
farm labor market for the period 1941-45. 
x5t index of "adjusted" (as described below) nonfarm wage rate 
deflated by consumer price index, and 
= a time trend with 1941 = 1. 
The prior constraints on parameters in the structural demand function 
for family farm labor and hired farm labor are: (1) 812 (the coefficient 
of y~t) < 0; a12 (the coefficient of y~t) < 0, (b) Tll (coefficient of 
xit in family labor component) > 0; r11 (coefficient of x t in hired 
F farm labor component) > 0, (c) 0 < 810 (coefficient of Yl, t-l)< 1, 
H 0 < a10 (coefficient of Yl, t-l< 1. For the structural supply functions 
they are: (a) 822 (the coefficient of y~t in the supply function) > 0; 
a22 (the coefficient of y~t in the supply function) > 0; (b) T25 (the 
coefficient of x5t in family labor component) < 0; y 25 (the coefficient 
8 
of x5t in hired labor component) < 0; (c) T26 (the coefficient of x6t 
in family labor component) < 0; Y26 (~he coefficient of x6 t in hired 
labor component) < o, and (d) 0 < ~20 (the coefficient of yF 1, t-1 in the 
supply function) (the coefficient H < 1; a < Y2o of ylt-l in the supply 
function) < 1. There is no ~ priori basis for placing constraints on 
the coefficient of technology; it can be negative or positive. 
Based on the necessary condition of identification [24], both equa-
tions for family and hired farm labor components are over-identified 
since the number of variables that do not appear in a given equation 
is larger than the number of endogenous variables in a given equation 
less than one. Each will be identified provided at least one of the 
identifying variables in each equation has a coefficient that is differ-
ent from zero. 
Finally, it should be mentioned that two experiments were made in 
our initial model building stage. There are: (a) The index of price 
paid for machinery was tried in the demand functions, the coefficients 
of this variable was highly statistically insignificant and negative 
signs in both family and hired labor demand functions. Hence, this 
variable is deleted from the estimated model in this sample period, 
and (b) The hypothesis of interdependence (substitution) of family 
farm labor and hired farm labor, suggested by Tyrchniewicz and Schuh 
[33] was introduced in the formation of market structure of both family 
and hired farm labor market. However, the empirical results did not 
support this hypothesis statistically in this sample period. Therefore, 
empirically, the family farm labor market equations in (3) were estimated 
independently of hired labor market equations in (3). 
9 
THE DATA 
In this section we discuss various measures for the variables used 
in the empirical analysis of this study and sources of the data. Time 
series data covering the period from 1940 to 1973 are used. 
y~t and y~t represent family and hired farm labor, respectively. 
They are measured in thousands of workers on farms. Data about hired, 
family, and total farm labor are available in various issues of Agri-
cultural Statistics [34]. Heady and Tweeten [20] discussed in detail 
the other sources and data related to farm labor employment and relative 
merits of these series and measures according to different purposes of 
empirical study. The limitation of the series used in this study is 
that no adjustment is made in the quality of labor series provided by 
different sex and age groups. The reasons for the selection of the 
series over man-hours of labor per year are: (a) this series encompasses 
both hired and family component of farm labor and (b) the series was 
used by previous major econometric studies of farm labor market [23, 28, 
32, 33, 20]. Hence, the use of this series preserves the comparability 
with previous studies. 
H y2t represents the real farm wage. Two measures for the real farm 
wage are used. The first measure for the real farm wage rate is the 
index of the hired labor composite hourly wage rate deflated by the 
consumer price index (1957-59 = 100). In the second measure of the 
real farm wage rate, the index of prices paid for living items in rural 
areas is used as the deflator. The index of hired labor composite 
10 
hourly wage rate and the index of prices paid for living items in 
in rural areas were both obtained from Agricultural Prices [35]. The 
source for the consumer price index was various issues of Survey of 
Current Business [37]. 
F Yzt denotes "price" for family farm labor. Two set of measures 
are used to approximate price for family farm labor. First, the real 
H 
composite index of hired farm labor wage rate, Yzt is used as "going 
prices" for family farm labor under the assumption that the market 
functioned perfectly and labor are homogenous. Second, real net income 
per farm operator is employed as a measure for "price" for family farm 
labor. This series is available from Farm Income Situation [36]. In 
general, there is no fixed wage or return to family labor who provide 
manual labor and entrepreneural (management and risk-taking) skills. 
The return or prices for these services is implicit - not explicit. 
Because it is not possible to impute the amount of labor or return to 
each function of family labor. Therefore it is convenient to use resi-
dual net income as a combined measure of "price" or returns to family 
farm labor. Further detailed discussion about the desirability of 
using this measure is referred to Heady and Tweeten [20]. 
x1t is the index of real prices received by farmers for all farm 
products. It is defined as the ratio of the index of prices received 
by farmers for all commodities to the index of prices paid by farmers 
for production items, excluding the wage rate. These indices are from 
Agricultural Statistics [34]. 
11 
x2t stands for the level of technology. A technology index for 
agricultural production is not available. The agricultural productivity 
ratio is chosen as a proxy variable for technology on the grounds that 
increases in technology shift the production function upward. The 
productivity ratio is available in various issues of Agricultural 
Statistics [34]. 
x3t is a dummy variable to capture the war effects on farm labor 
market for the period 1941-1945. x3t is denoted as 1 in the period 
1941-45 and zero otherwise. 
x5t is the real nonfarm wage rate adjusted for unemployment. It 
is calculated in the following three steps: (a) Kt • At (1- 5 • ut), 
59 
(b) Kt _ Kt ( E Kt/3)-1 100 and (c) x5t = Kt/CPI(l957-59 = 100) 
t=57 
where At stands for the average hourly earnings of production workers 
on manufacturing payrolls. ut stands for the unemployment rate and 
CPI represents the consumer price index. This variable, xSt' reflect-
ing the appeal of the real wage earned in nonfarm sectors and oppor-
tunities in nonfarm sectors, is a slight modification of the variable 
first suggested by Johnson [23]. It is assumed that when the unemploy-
ment rate of the economy reaches 20 percent, there are no off-farm 
opportunities. Consequently, this variable has a zero effect on the 
supply of farm labor. It is known that when laborers leave the farm 
they go to various industries other then the manufacturing industry. 
Empirically, however, the hourly wage rate of production workers 
proved to be the best proxy for the alternative labor wage in the non-
agricultural sector. 
12 
x denotes a trend variable which represents secular changes occur-
6t 
ing over a period of years. These include increased levels of education 
in farm areas, gradual changes in interest in agricultural employment, 
and improvements in communication and transportation between the farm 
and the nonfarm sectors. 
x stands for adjusted real income per manufacturing worker. The 
8t 
procedure of constructing this variable is the same as that of construct-
ing x , except for the substitution of A , average hourly earning of 
6t t 
production workers on manufacturing payrolls by income per manufacturing 
worker. These data are available from various issues of survey of cur-
rent busi~ess [37]. This series is employed as an alternative measure 
of "price" for nonfarm labor. 
STATISTICAL PROCEDURES 
Ordinary least squares (OLS), two-stage least squares (2SLS), [2, 
24], and autogressive two-stage least squares (A2SLS) are used in this 
study. Because most of the equations in the models are estimated by 
each of these estimation procedures, it is desirable to discuss briefly 
the large sample properties of these estimators under the model (3) with 
alternative assumptions of error structures. It is well known that an 
OLS estimator is the inconsistent estimator for the simultaneous equa-
tion model with independent errors [12, 24] because the explanatory 
endogenous variables are correlated with their error terms. The 2SLS 
is an asymptotically efficient estimator for the dynamic simultaneous 
equation with independent errors. However, the 2SLS is no longer a 
consistent estimator when the error terms are autocorrelated. This is 
13 
true because the lagged endogenous variables are correlated with resi-
duals. It also should be mentioned that the coefficients of the lagged 
endogenous variable estimated by 2SLS are upward biased in this model 
if the errors are positively autocorrelated. Consequently, the cor-
responding adjustment coefficients are downward biased and the associated 
long-run elasticities will be inflat~d. Further, the usual formula of 
the covariance matrix of the 2SLS estimator is a biased estimator of 
the asymptotic covariance matrix of the estimated parameters, hence, 
the t stastics and F statistics are biased. 
The assumption of independent errors often are violated in the use 
of time series data [10, 14, 16, 41]. For this reason, the estimation 
of dynamic simultaneous equation models with autocorrelated errors has 
received attention in recent econometric literature [5, 6, 7, 8, 21, 39, 
40]. 
In this study, autoregressive two-stage least squares (A2SLS) de-
veloped by Fuller [8] are adopted. The details of this estimation pro-
cedure are described in [8, 40]. The advantage of A2SLS is that it 
estimates the parameters and autocorrelation coefficient of the ith 
equation simultaneously. Hence, a consistent estimate of the asymp-
totic covariance matrix of these parameters is a by-product of the 
least stage regression. This estimator is a consistent estimator for 
the dynamic simultaneous equation model with autocorrelated errors. 
Further, it is efficient in the class of limited information estimators 
if each equation has the same autocorrelation coefficient. The small 
sample properties of A2SLS have been studied by means of a Monte Carlo 
14 
study 1[39, 40]. The result suggests that this estimator performs reason-
ably well in the dynamic simultaneous equation model with alternative 
assumptions of error structures. 
For the sake of information, we report the Durbin-Watson d statistic 
[24] for the OLS estimates and 2SLS estimates, bearing in mind that this 
statistic was designed for single equation regression models where the 
explanatory variables are exogenous [27]. The order of autoregressive 
process of the error terms is rarely known in the real world. The over-
fitting procedure [9] is used to determine the order of autoregressive 
process. 
The use of three estimation methods make possible statistical 
comparison of the estimates obtained when the same economic relationship 
is fitted. The results of this study provide some empirical evidence 
of the small sample properties of these estimators in terms of real 
world data. 
EMPIRICAL RESULTS 
Analysis of Family Farm Labor Market 
We have estimated three versions of a dynamic model for the family 
labor market. Model 1 is identical to the basic model described in 
(3) except the exclusion of war dummy variable. Model 2 is exactly 
the same as family labor model described in (3). The comparison of 
estimates of model with those of model 2 will provide us some ideas 
about the biases of estimates of model 1 due to the omission of war 
dummy variable. The substitution of the real farm wage and the nonfarm 
15 
wage respectively by the real net farm operator's income and real income 
per manufacturing worker adjusted for unemployment in model 2 resulted 
in model 3. As mentioned previously, each model was estimated by three 
estimation methods. 
The empirical results are presented in Table 1 through 3. The 
notation of variables of each estimated equation used here is defined 
in the section of the data and, again in the appendix of the notation 
of the variables used in empirical studies. RMS stands for residual 
mean square errors [24]. We report the Durbin-Watson d statistic [24] 
for the OLS and 2SLS estimates for sake of information, bearing in 
mind that this statistic was designed for single equation regression 
models where the explanatory variables are exogenous. Also R2 is 
reported only for OLS estimates since it is meaningless in the simul-
taneous equation context [4, p. 519]. 
We now discuss the empirical results of model 1 presented in 
Table 1. The coefficient of the farm wage rate, y2t, in equation (4) 
had the expected sign but was nonsignificant. The high value of R2 
is due to the presence of the lagged dependent variable in the equation. 
In equations (6) and (7), 2SLS was employed to reestimate equations 
(4) and (5). Compared with the OLS estimates, 2SLS produced an increase 
in the size of the coefficients of both the demand and supply functions. 
For example, the OLS estimate of y2t was only one-fifth the size of 
that of the 2SLS estimate. The coefficients of the lagged endogenous 
variable estimated by 2SLS were slightly smaller than those estimated 
by OLS. Although the asmptotic standard errors of 2SLS were uniformly 
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larger than those of OLS estimates, all 2SLS estimates were highly 
significant and had the expected signs, except the technology variable. 
We present the final results of the reestimation of equation (6) 
by A2SLS in equation (8). This procedure assumes a given order of 
the autoregressive process in the errors and requires a set of initial 
consistent estimates of the parameters. The instrumental variable 
procedure described in [9, 40] is used to obtain a set of initial esti-
mated residuals, u , to determine the order of the autoregressive pro-
t 
'V 
cess. The improved estimate pl is 0.43 = 0.23 + 0.22, where 0.23 is 
the initial estimate of autocorrelation and 0.22 is the coefficient of 
u1 , t-l in equation (7). The resulting "t-statistic" of 1. 65 is signif-
icant at the 10 percent level. Except for the technology variable, 
coefficients of all variables in equation (7) were statistically sig-
nificant and had signs in accordance with~ priori expectations. 
The empirical results of model 2 are presented in Table 2. In model 
2, the dummy variable x3t was introduced into each of the equations (9) 
and (10) to capture the effects of war during the 1941-45 period. The 
OLS estimate of the farm wage coefficient in the demand function (9) 
was negative but statistically nonsignificant. Equations (11) and 
(12) present the 2SLS estimates of model 2. The coefficients of y2t 
estimated by 2SLS were larger than the corresponding coefficients 
estimated by OLS. As in model 1, most of the estimated standard errors 
of OLS are smaller than those of 2SLS. The war dummy x3t was non-
significant in the demand function and therefore it was dropped. The 
modified demand function estimated by 2SLS is presented in equation 
22 
(13) of Table 2, which indicated a strong negative relation between 
quantity of labor demanded and farm wage. 
Equations (14) and (15) present the results of A2SLS estimates. 
'\, "' The improved estimates of p 2 and p3 were 0.39 and 0.30, respectively. 
Based on the Monte Carlo results of this estimator [39, 40], A2SLS is 
expected to perform reasonably well in this circumstance. 
We present the empirical results of model 3 in Table 3. In model 
* F 3, the real net income per farm operator y2t was used as alternative 
measure of price for family farm labor and adjusted real income per 
manufacturing worker x8t was employed as an alternative price of non-
farm labor. The reasons for the use of real net income per farm 
operator as a measure of "price" for family farm labor are justified 
in the section of the data. The OLS estimates for model 3 were pre-
sented in equations (16) and (17). All variables had significant 
coefficients with expected signs, except the technology variable and 
the dummy variable in the demand function. Equations (19) and (18) 
report 2SLS estimates of the supply function and the demand function 
excluding the war dummy variable. It can be seen that the farm wage 
coefficients estimated by 2SLS in both equations were somewhat larger 
than those estimated by OLS. By the order of the standard errors, 2SLS 
estimates in equation (19) were similar to the OLS estimates in equation 
(17). This was the only case, of this section, where the two estimates 
were roughly equal. 
Finally, model 3 was reestimated by A2SLS and the results are 
reported in equations (20) and (21). The Durbin-Watson d statistic 
23 
in equation (19) failed to reject the null hypothesis of independent 
errors. However, the application of A2SLS to equation (19) resulted 
in a highly significant estimate of the autocorrelation coefficient 
"v p5 0.37 with an estimated standard error of 0.18. This result pro-
vides evidence of the low power of the d statistic in the case of a 
dynamic simultaneous equation model with autocorrelated errors. The 
differences between 2SLS and A2SLS estimates are similar to those of 
previous models. 
In summary, the empirical results strongly support the family 
farm labor hypotheses: (a) demand for family farm labor mainly depends 
on the price of family farm labor and the price of farm products, (b) the 
supply of family labor is a function of the price of family farm labor 
and prices of nonfarm labor, and (c) the response of demanders and 
suppliers of family farm labor to changes in exogenous variables is 
spread over several time periods. Further, it was found that both the 
real farm wage and the farm operator's net income per farm were satis-
factory measures of the "price" for family farm labor. 
On the basis of empirical results, we found a considerable dif-
ference in the estimates obtained by the three methods of estimation. 
The OLS estimates of endogenous variable coefficients were considerably 
smaller than those estimated by 2SLS and A2SLS. This result is consis-
tent with prior theoretical results that OLS estimates are inconsistent 
in the simultaneous equation context. The A2SLS estimates of lagged endog-
enous variables were the smallest of the three sets of estimates. Again, 
the results support theoretical results that OLS and 2SLS estimates of 
24 
lagged endogenous variables are biased upward in the case of auto-
correlated errors. Consequently, the resulting coefficients of adjust-
ment are downward biased and the long-run elasticities are inflated. 
The estimated standard errors of the A2SLS were the largest, indicating 
that usual formulas of OLS and 2SLS for standard errors are biased in 
the dynamic simultaneous equation model with autocorrelated errors. 
Analysis of Hired Farm Labor Market 
Two types of models for the hired farm labor market were fitted. 
The exclusion of the war dummy variable in the model described for 
hired farm labor component (3) is called model 1. Model 2 is the same 
as the hired farm labor component described in (3). The variables 
used in this section are defined in the section of the data. The 
empirical results of model 1 and model 2 are reported in Tables 4 and 
5, respectively. 
Equations (22) and (23) report the OLS estimates of model 1 and 
their related statistics. The results were discouraging because the 
coefficient of farm wage rates were nonsignificant in both demand and 
supply functions. Furthermore, the coefficient of the farm wage was 
negative in the supply function. 
The application of 2SLS to each equation significantly improved 
the results. In equation (24), the coefficient of y2t was negative 
and highly significant. The farm wage rate regression coefficient 
in equation (25) became positive and significant at the 10 percent 
level. As before, the standard errors of 2SLS were larger than those 
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of OLS. The coefficients of the price of farm product variable and the 
nonfarm wage had the expected signs and were significant at the 5 per-
cent level. These results suggest that the demand for hired farm labor 
increases as prices of farm products increase and the supply of hired 
farm labor decreases when nonfarm wage rate increases. The coefficient 
of the lagged endogenous variable in equation (24) did not statistically 
differ from zero. Hence, the corresponding coefficients of adjustment 
in the demand equation was not significantly different from one. 
The OLS estimates of model 2 are reported in equations (26) and 
(27). The addition of a dummy variable to model 1 improved the results. 
In the supply equation, the wage variable regression coefficient was 
positive, but the coefficient was only one-fourth the size of its 
standard error. 
H When model 2 was reestimated by 2SLS, the estimate of Yl,t-l in 
H 
equation (28) was not statistically significant and therefore Yl,t-l was 
dropped from the demand function. The modified demand function esti-
mated by 2SLS is presented in equation (30). The d statistic of 0.8 
rejects the null hypothesis of independence in the residuals. To deter-
mine the order of the autoregressive process, the second-order auto-
regressive process was fitted using the residual computed from equation 
(30). The resulting equation is 
= 0. 77 u 
l,t-2 
(0.16) 
0.39 u 
l,t-2 
(0 .17) 
The asymptotic t statistic indicated that the coefficients of 
ul,t-l and ul,t-2 were both significant. Therefore, the error term 
29 
was assumed to follow a second-order autoregressive process. Since 
the modified demand function was a static model, Theil's autoregressive 
two-stage least squares (TA2SLS) [29] was used in this case. Equation 
(31) reports the results of the TA2SLS. Comparisons of these estimates 
revealed that TA2SLS increased the size of coefficients of the farm 
wage rate. 
The A2SLS was employed to estimate the supply function. The farm 
wage variable regression coefficient in equation (32) was positive but 
nonsignificant. 'V The improved estimates of p2 , the autocorrelation coef-
'V ficient, was p2 0.12- 0.72 = -0.6. The value of -0.72 was the esti-
mated coefficient of the variable ul,t-l and four times larger than the 
. d f N-· 5 0 18 h N i h 1 . f h d t magn1tu e o = • , w ere s t e samp e s1ze o t e a a. Thus, 
a second iteration is shown in equation (33). The coefficient of the 
'V 
variable ul,t-l was 0.07 and the second step estimate of p2(2) was 
-0.14. The coefficient of the lagged endogenous variable in (32) had 
a coefficient of 1.05, while the second iteration gave a value of 0.81. 
In all previous supply equations, the coefficients of the war 
dummy variable had negative signs.and were statistically significant 
at the 5 percent level. This result demonstrates two points: (a) 
during the war period, the supply of hired farm labor was reduced, and 
(b) the estimates obtained by Hammonds, et al. [15] and Martinos [25] 
studies were biased due to the omission of the war dummy variable in 
the supply functions of their models. 
In summary, in the demand for hired farm labor, the farm wage 
rete, and prices of farm products were significant at the 5 percent 
30 
level and had the expected signs, but the technology variable was in-
conclusive. A static model is preferred over a dynamic model for the 
demand for hired farm labor because the coefficient of lagged endogenous 
variables was not significantly different from zero. For the supply 
function, the nonfarm wage rate variable had a negative coefficient 
which was highly significant. The coefficient of the farm wage rate 
was positive but not significant. This result is similar to the result 
of the study by Hammonds, et al. [15] for the period of 1943-69, but 
from the previous studies by Schuh [29] and Heady and Tweeten [20] 
for the period of 1929-57. 
Analysis of Total Farm Labor Market 
In this section we report the empirical results for the total farm 
labor market. Total farm labor is defined to be the sum of family farm 
labor and hired farm labor. The total farm labor market was specified 
in accordance with model 2 of family and hired farm labor markets. As 
before, three estimation procedures were employed to estimate the para-
meters of total farm labor market. The estimated equations are reported 
in Table 6. 
The parameters estimated by OLS were not very satisfactory because 
the farm wage coefficient in the demand function was insignificant. 
The application of 2SLS to the same structural equations excluding the 
dummy variable in the demand function resulted in improved results. 
The farm wage regression coefficients in both equations were highly 
significant and had expected signs. The coefficient of the technology 
variable was positive but insignificant. Finally, A2SLS was used to 
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33 
estimate the model and the result is reported in equation (38) through 
equation (40). Since the estimated coefficient of u2t-l in the supply 
function is larger than N-· 5 = 0.18, the second iteration of the equa-
~ 
tion (39) was performed with initial estimates of p2 (2) = 0.359 + 
.5(-0.32) = 0.20. The resulting equation is reported in (40). The 
improved estimate of p2 (2) is 0.13 with estimated standard of 0.25. 
Consequently, the estimates of equation (40) are similar to those of 
equation (37) estimated by 2SLS. 
The estimation of the total farm labor market provide us an oppor-
tunity to compare empirically the estimates of disaggregated component 
models to those of their aggregate model. For example, the estimates 
of demand for and supply of total farm labor are relatively similar 
to those of the family farm labor market, compared to those of hired 
farm labor market. This is reasonable because family farm labor accounts 
for about 73 percent of the total farm labor force. 
These empirical comparisons illustrate two points in the aggrega-
tion of empirical analysis. First, great care should be taken if the 
researchers use the empirical results of the aggregate model to infer-
ence the behavior of the component model. The use of empirical results 
of total farm labor market to inference the behavior of hired farm labor 
market is an example to illustrate this fact. Second, when the behavior 
of component series are quite different and the researchers are mainly 
interested in the behavior of each component series, then it is recom-
mended to model component series separately. Further, the empirical 
estimates of total farm labor markets provide additional empirical 
results for comparisons of the effects of different estimation methods 
34 
in aggregate series situation. In terms of significance of coefficients 
and correct signs, A2SLS performed the best, followed by 2SLS. Ordinary 
least squares gave less satisfactory results. 
STRUCTURAL ELASTICITIES 
Having obtained the estimates of the models for farm labor markets, 
we now compute and analyze the structural elasticities. Two types of 
elasticities are computed: one at the mean and the other at 1973 levels. 
It is worth mentioning that elasticities evaluated at the mean are more 
reliable in a statistical sense than the elasticities evaluated at a 
particular year of the sample period. This is because elasticities 
evaluated at the mean are less influenced by data values at a particular 
year of the sample period. To provide a measure of reliability for 
these estimates, standard errors of short-run elasticities are computed. 
The correct statistical formula for the standard error of a long-run 
elasticity is asymptotic approximation for the variance of the ratio of 
two random variables [see Fuller and Martin, 10] It requires the covar-
iance between two random variables. However, the estimated covariance 
between estimated parameters in the models were not available to use. 
Therefore, the standard errors of long-run elasticities are not reported 
here. 
Structural Elasticities of Family 
Farm Labor Market 
The structural elasticities of family farm labor are summarized 
in Table 7. The numbers in parentheses in the first column of Table 7 
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indicate the numbering of the estimated equations in the text from 
which the structural elasticities are computed. The short-run demand 
elasticities with respect to the farm wage rate were in the range of 
-0.22 to -0.33, column 3 in equations (13) and (14). This means that 
a 10 percent increase in farm wage would result in a decrease of 2.2 
to 3.3 percent in the quantity of family farm labor demanded, other 
things being equal. The price of farm products has a short-run elasti-
city of 0.39, column 4 in equation (14), somewhat larger than that for 
farm wage rate. This indicates that the demand for family labor is 
somewhat more responsive to farming profitability than to changes in 
the farm wage rate. The technology variable has a short-run elasti-
city of 0.02 in model 2, column 6 and equation (14), though the para-
meter estimate is not significant at the 50 percent level. 
The coefficient of adjustment in the demand function (14) of model 
2 is 0.29, column 2 and equation (14), indicating that about 30 percent 
of the discrepancy between equilibrium and actual employment is elimin-
ated in a given period of time by the demanders of labor. The coef-
ficient of adjustment also implies that the long-run elasticities are 
slightly more than three times as large as the short-run elasticities. 
The long-run elasticities of the farm wage rate and prices of farm 
products in equation (14) were -1.12, column 3 and equation (14), and 
1.31, column 4 and equation (14), respectively. Since the coefficients 
of the lagged endogenous variable estimated by 2SLS are upward biased 
in the dynamic models with autocorrelated errors, we found that the 
long-run elasticities computed from 2SLS estimates were more elastic 
than those computed from A2SLS in both model 2 and model 3. 
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Most of the negative elasticities at the 1973 level are less than 
the values of their corresponding elasticities at the mean minus two 
standard errors of the corresponding elasticities at the mean. It is 
also true that most of the positive elasticities at the 1973 level are 
greater than the values of their corresponding elasticities at the mean 
plus two standard errors o~ their corresponding elasticities at the mean. 
These results suggest that each of the relevant elasticities has in-
creased over time. This is a reflection of the secular increase in 
each of the independent variables concurrent with a decline in the family 
farm labor employment. 
On the supply side, the short-run farm wage elasticity at the mean 
was 0.43, column 3 and equation (15), considerably larger than the 
demand elasticity. The adjusted nonfarm wage had an elasticity of -0.08, 
column 5 and equation (15), considerably less than the farm wage elas-
ticity. This suggests that suppliers of family farm labor are somewhat 
less responsive to nonfarm income incentives than to farm-income incen-
tives. This outcome is reasonable because the major portion of family 
farm labor is farm operators who have a much stronger commitment to 
agriculture. The coefficient of adjustment in model 2 is 0.52, column 
2 and equation (15), somewhat larger than the corresponding adjustment 
coefficient in the demand function. It means that 52 percent of the 
discrepancy between equilibrium and employment is eliminated in a given 
period of time by the suppliers of family farm labor. The long-run 
elasticities of the farm wage and adjusted nonfarm wage were 0.82, 
column 3 and equation (15), and -0.16, column 5, equation (15), respec-
tively. 
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Similar to the demand relation, the long-run and the short-run 
elasticities of supply at 1973 levels were three times the corresponding 
elasticities at the means. 
Structural Elasticities of the Hired 
Farm Labor Market 
The structural elasticities of the hired farm labor market are 
shown in Table 8. The coefficient of adjustment on the demand side was 
not significantly different from one, indicating almost all the discrep-
ancy between equilibrium and actual employment is eliminated in a given 
period of time by those who hire labor. Evaluated at the means, the 
elasticity of demand for hired farm labor with respect to the real farm 
wage was -1.25, column 3 and equation (30), compared to -0.33, the 
short-run wage demand elasticity of family farm labor, column 3 and 
equation (14) as shown in Table 7. The price of farm products had an 
elasticity of 0.61, column 4 and equation (30), while the corresponding 
short-run elasticity of family farm labor was 0.39, column 4 and equa-
tion (14) as in Table 7. This result supports the hypothesis that 
hired labor is the marginal labor input in the production process and 
hence is the one that farm operators manipulate most readily. 
On the supply side, short-run wage elasticities taken at the mean 
ranged from 0.17, column 3 and equation (30) computed from 2SLS esti-
mates to 0.13, column 3 and equation (33), computed from FA2SLS. (Both 
are computed from parameter estimates that were not significant at the 
20 percent level.) This result is consistent with the study by Hammonds, 
et al. [15]. Using time series data 1941-1969 and a similar model, 
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they found that the farm wage variable was nonsignificant in their hired 
labor supply function and had a short-run elasticity of 0.24. The 
results are inconsistent with the results of the earlier studies of 
Schuh [28] and Tyrchniewicz and Schuh [32]. Using data from 1929-1957 
and 1929-1961, they found that the farm wage rate was highly significant 
in the hired labor supply function and had short-run elasticities rang-
ing from 0.25 to 0.65 (Table 11). One of the possible explanations for 
this situation is that the portion of hired farm labor that had greater 
mobility and alternatives to nonfarm employment had moved out of the 
farm sector in this period. Those remaining in the farm sector either 
have fewer alternative employment opportunities of have much stronger 
commitment to agriculture. This tentative explanation could be investi-
gated by examining the demographic factors of hired labor. (However, 
we do not pursue this topic of research further here.) The adjusted 
nonfarm wage had a short-run elasticity of -0.28, column 5 and equation 
(29), somewhat larger than for the farm wage rate. This suggests that 
suppliers of hired farm labor are more responsive to nonfarm wage 
incentives than to farm wage incentives. The coefficient of adjustment 
was 0.13, column 2 and equation (29), indicating long-run elasticities 
that are approximately seven times as large as their corresponding 
short-run elasticities, the short-run referring to the response within 
one year. Hence, the long-run elasticities of the farm wage and the 
adjusted nonfarm wage were 1.34, column 3 and equation (29), and -2.14, 
column 5, equation (29), respectively. The latter suggests that given 
a sufficient time period, suppliers of hired farm labors are highly 
responsive to change in nonfarm wages. 
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Structural Elasticities of Total 
Farm Labor Market 
Table 9 presents the structural elasticities of the total farm 
labor market. Total farm labor is defined to be the sum of family 
farm labor and hired farm labor. Hence, the structural elasticities 
of the total farm market reflect its two components. The structural 
elasticities in Table 9 lie between those of their corresponding vari-
ables in the models for family and hired farm labor market. 
Comparisons With Previous Studies 
For comparison purposes, we summarize the demand and supply 
elasticities of previous family and hired farm labor studies in Tables 
10 and 11. On examining these estimates, we found that, in the family 
farm labor market, our estimates of the demand and supply elasticities 
with respect to the farm wage were more elastic than those obtained by 
earlier studies using data from 1929 to 1961, while the elasticities of 
prices of farm product and the nonfarm wage obtained by previous studies 
were somewhat larger than the corresponding estimates of this study. 
In the hired farm labor market, both short-run and long-run farm 
wage elasticities of demand have increased over time. For example, 
the short-run farm wage elasticity estimated by Schuh [28] for the 
period of 1929-1957 was -0.12 (Table 10). His long-run elasticity was 
-0.4. These elasticities are considerably less than those obtained 
by Hammonds et al. [15] and in our study. The farm wage elasticities 
of supply estimated by previous studies ranged from 0.13 to 0.66 (Table 
11). Our estimates were 0.13 and 0.17, respectively. These results 
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indicate that the responsiveness of the supply of hired farm labor to 
farm wage is still inelastic. 
Finally, our estimates of the nonfarm wage elasticities were in-
elastic in the short-run but highly elastic in the long-run. These 
results are similar to the results obtained by Schuh [28] and by 
Tyrchniewicz and Schuh [32]. 
DYNAMIC ANALYSIS OF TilE MODELS 
The derived reduced form [29, 30] has two major uses: (a) it can 
be used to evaluate the impacts of exogenous variables on endogenous 
variables during the sample period, and (b) given a set of estimated 
exogenous variables, it can be used to predict future values of endogenous 
variables. In this study, derived reduced forms are employed to analyze 
the impacts of exogenous variables such as prices of farm products, the 
nonfarm wage rate, etc., on the farm labor employment. 
If we use the estimated structural equations and express current 
endogenous variables in terms of predetermined variables, we obtain a 
set of derived reduced form equations. The derived reduced form for 
family farm labor and hired farm labor are as follows: 
Family farm labor market, derived from equations (12) and (13) 
F F 4 ylt = 1131.96 + 12.82xlt + 2.06x2t- 2.98x5t- 45.3x6t + 0.7yl,t-l- 1 4.7x3t 
F y2t = -56.62 + 0.73x1t + 0.12x2t + 0.17x5t + 2.6x6t + 
F 
0 •001Y2,t-l + 1.40x3t 
(41) 
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Family farm labor market, derived from equations (14) and (15) 
F F ylt 2244.89 + 11.4lxlt + 0.5lx2t - 2.12x5t - 40.84x6t + 0.60yl,t-l- 128.5x3t 
F F y2t = -54.15 + 0.49x1t + 0.02x2t + O.llx5t + 2.18x6t + 0.05yl,t-l+ 6.86x3t 
(42) 
Family farm labor market, derived from equation (18) and (19) 
170.78 + 11.83x1t- 0.42x2t 
F 0.093x8t - 43.4lx6t + 0.68yl,t-l- 150.3x3t 
F F y2t = -6317.42 + 69.59x1t- 0.46x2t + 0.22x8t + 103.36x6t- 0.06yl,t-l+ 357.76x3t 
(43) 
Hired farm labor market, derived from equations (28) and (29) 
H H 
ylt 747.97 + 1.26x1t + 0.65x2t- 4.44x5t- 4.986t + 0.77yl,t-l- 104.12x3t 
H H y2t 77.26 + 0.40x1t + 0.20x2t + 0.19x5t + 0.2lx6t - 0.03yl,t-l- 3.47x3t 
(44) 
Hired farm labor market, derived from equations (31) and (33) 
H . H 
ylt 914.33 + 0.5lx1t + 0.34x2t- 4.96x5t- 5.09x6t + 0.75yl,t-l- 101.34x3t 
H H y2t 90.54 + 0.29x1t + 0.20x2t + 0.2lx5t + 0.2lx6t - 0.03yl,t-l- 1.10x3t 
(45) 
Most of the coefficients of the predetermined variables have signs 
in accordance with~ priori expectations. The coefficients of these 
equations, which measure the effects of a one unit change in the exogenous 
variables in the current period, are called impact multipliers. 
According to estimates in equation (42) for the family farm labor 
market, the impact of a 1 percent increase in real farm product prices 
is an increase in family farm labor employment by 11.41 thousand persons; 
the impact of a 1 percent increase in the adjusted nonfarm wages a 
decrease in family farm labor employment by 2.12 thousands. For the 
48 
hired farm labor market, the effect of 1 percent increase in prices 
of farm product, xlt' is an increase in hired farm labor employment 
by 1.26 thousands, as in equation (44) while an increase in 1 percent 
of the nonfarm wage rate reduces hired farm labor by 4.44 thousand, 
as in equation (44). These results suggest that a one unit increase 
in farm product prices has a larger impact than one unit change in the 
adjusted nonfarm wage rate on family farm employment. The situation 
is, however, reversed for hired farm labor employment. 
The derived reduced form discussed above presents an overview of 
the immediate response of endogenous variables to changes in the pre-
determined variables. It enables estimation of the effects of exogenous 
variables when the immediate past history of all endogenous variables 
is given. However, it does not answer questions such as: what are 
the impacts of previous exogenous variables on current endogenous 
variables? By successive substitution and a given set of initial con-
ditions of endogenous variables, the general form of the derived reduced 
equation can be written as 
N-1 
'Yj 6 N-1 'Yj + N ylt = l: ao + l: l: a.xi t . j=O 1 i=l j=O 1 1 ' -J 'Yl Yl,t-N 
(46) 
Since lr1 1 < 1 and when N-+oo the equation (46) is 
00 6 6 00 
ylt = l: 'Yj 6o + i~l a.x . + l: l: 'Yj a.xl t . j=O 1 1 t1 i=l j=l 1 1 , -J 
(47) 
The coefficients attached to the lagged exogenous variables in 
equation (47) are called interim multipliers or dynamic multipliers. 
A dynamic multiplier measures the effect of a one unit change in an 
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exogenous variable on the endogenous variables in the current period, 
if the increase is maintained in all intervening periods. The sum of 
all dynamic multipliers attached to a specific exogenous variable 
gives the value of long-run equilibrium multiplier for that variable. 
It measures the long-run effect of a permanent change in an exogenous 
variable. 
The estimates of the dynamic multipliers and long-run multipliers 
for the two components of farm labor are presented in Tables 12 and 
13. The main features of the results are the following: (a) as expec-
ted, all dynamic multipliers exhibit a geometric decline and coverage 
to zero as the length of the time lag increases, (b) in the family 
farm labor market, changes in prices of farm products at time t have 
more far-reaching effects than changes in nonfarm wage rate at time t 
(the opposite situation occurs in the hired farm labor market), and 
(c) dynamic multipliers obtained from the structural equations esti-
mated by FA2SLS damp more rapidly than those obtained from the struc-
tural equations estimated by 2SLS. 
The above analysis does not answer the question as to which exog-
enous variables were more influential in causing the change in farm 
labor employment during this sample period. The reason is that in 
any given year, the actual effects of each exogenous variable depends 
not only on the magnitude of impact multipliers but also on the actual 
values of exogenous variables. In order to examine the effects of 
current changes in exogenous variables on current changes in endogenous 
variables, a simple marginal analysis is performed. To do so, a first 
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Table 12. Dynamic multipliers for the time path of family farm labor 
employment, 1941-73 
Lag 
period 
j 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Equation (41) 
12.82 
8.97 
6.28 
4.40 
3.09 
2.15 
1.51 
1.06 
0. 74 
0.52 
0.36 
0.25 
0.18 
0.12 
0.08 
0.06 
0.04 
0.03 
0.02 
0.0 
-2.98 
-2.09 
-1.46 
-1.02 
-0.72 
-0.50 
-0.35 
-0.25 
-0.17 
-0.12 
-0.08 
-0.05 
-0.04 
-0.03 
-0.02 
-0.0 
-0.0 
0.0 
0.0 
0.0 
Equation (42) 
X l,t-j 
11.41 
6.85 
4.11 
2.46 
1.48 
0.89 
o. 53 
o. 32 
0.20 
0.12 
0.07 
0.02 
0.01 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
X 5, t-j 
-2.12 
-1.27 
-0.76 
-0.46 
-0.27 
-0.16 
-0.10 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
Equation (43) 
X l,t-j 
11.83 
8.04 
5.57 
3. 72 
2.53 
1.72 
1.17 
0.80 
0.54 
0.37 
0.25 
0.17 
0.12 
0.08 
0.05 
0.04 
0.03 
0.02 
0.01 
0.0 
X 8,t-j 
-0.09 
-0.06 
-0.04 
-0.03 
-0.02 
-0.01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
Total 
multipliers 42.73 
-9.9 28.52 -5.3 36 0 97 -0.29 
~1 . 
,t-] 
x8 . 
,t-] 
for real prices received by farmers for all farm products, 
for real nonfarm wage rate adjusted for the unemployment 
rate, 
for real nonfarm income per manufacturer worker adjusted 
for unemployment rate. 
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Table 13. Dynamic multipliers for the time path of hired labor 
employment, 1941-73 
Lag Equation (44) Equation (45) period 
j xl,t-la xS,t-1 X l,t-1 ~.t-1 
0 1.26 -4.44 0.51 -4.96 
1 0.97 -3.42 0.38 -3.72 
2 0. 75 -2.63 0.29 -2.79 
3 0.58 -2.03 0.22 -2.09 
4 0.44 -1.56 0.16 -1.57 
5 0.34 -1.20 0.12 -1.18 
6 0.26 -0.93 0.09 -0.88 
7 0.20 -0.71 0.07 -0.66 
8 0.16 -0.55 0.05 -0.50 
9 0.12 -0.42 0.04 -0.37 
10 0.09 -0.33 0.03 ,.-0.28 
11 0.07 -0.25 0.02 -0.21 
12 0.05 -0.19 0.01 -0.16 
13 0.04 -0.15 0.0 -0.12 
14 0.03 -0.11 0.0 -0.09 
15 0.02 -0.09 0.0 -0.06 
16 0.01 -0.06 o.o -0.05 
17 0.0 -0.05 0.0 -0.04 
18 0.0 -0.04 0.0 -0.03 
19 o.o -0.02 0.0 -0.02 
Total 
multipliers 5.48 -19.30 2.04 -19.84 
a a and xS,t-j are defined in Table 12. xl,t-j 
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difference for each exogenous variable is multiplied by an appropriate 
impact multiplier in the derived reduced forms. Table 14 presents 
results of the simple marginal analysis for the two components of farm 
labor. Of the five exogenous variables, prices of farm product have 
both the largest and most variable effect on family farm labor employ-
ment. In 32 years, the marginal impact of prices of farm product has 
changed signs (direction) 21 times. The largest positive increase in 
farm labor, 160.0 thousand, occurred between 1972-1973; the largest 
decrease, 130 thousand, occurred between 1948 and 1949 (see Table 14, 
column 6). In the period of 1942 to late 1950s, the marginal impact 
of the nonfarm wage was reduction in family farm labor employment, but 
the effect has been moderate since 1960 except for the 1963 to 1964. 
The marginal impact of the nonfarm wage rate ranged from plus 36.4 
thousands in 1958 to minus 58.5 thousands in 1942 (Table 14, column 7). 
The trend variable has had a constant negative association with family 
farm labor employment. 
In the hired farm labor market, the nonfarm wage had the largest 
effect on labor employment. The range of its marginal impact was from 
a negative 90.4 thousand in 1964 to plus 64.1 thousand in 1954 (see 
Table 14, column 10). Similar to the family labor market, farm product 
prices had the most variable effect on hired farm labor employment. 
If the goals of agricultural policy are to achieve higher farm 
income and to eliminate surplus farm labor [19], then these results 
have some policy implications: (a) The impact of price-support programs 
has a larger positive effect on family farm income than on hired farm 
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labor income. However, they have an adverse effect on the adjustment of 
surplus labor. (b) Increase in labor mobility, which is measured by the 
trend variable in this study, has the desirable effect of eliminating 
surplus farm labor and of raising farm income. Therefore, a greater 
emphasis should be put on education, training and labor market informa-
tion programs. 
SUMMARY AND CONCLUSIONS 
This study includes additional quantitative information on the 
family farm labor market and the hired farm labor market. The empirical 
results indicate that the demand for family farm labor depends especially 
on the price of family farm labor and price of farm products, ~nd the 
supply of family farm labor is a function of the price of family farm 
labor and the price of nonfarm labor. Further, demanders and suppliers 
of family farm labor spread their response to changes in economic 
stimuli over several time periods. 
In general, the structural elasticities of the family farm labor 
market have increased over time. The demand elasticities with respect 
to the "price" for family farm labor and to the price of farm products 
are inelastic in the short run but elastic in the long run. The price 
of farm products has a short-run elasticities, somewhat larger than that 
for "price" for family farm labor. This indicates that the demand for 
family labor is somewhat more responsive to farming profitability than 
to changes in the "price" for family farm labor. 
In the supply function, "price" of family farm labor and nonfarm 
wage elasticities are inelastic in both short-run and long-run. The 
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price for family farm labor elasticities are considerably larger than 
the nonfarm wage elasticities. This suggests that suppliers of family 
farm labor are somewhat less responsive to nonfarm income incentives 
than to fa~income incentives. This outcome is reasonable because the 
major portion of family farm income is farm operater earned and the 
farm operator generally has a much stronger commitment to agriculture. 
A static model proved superior to a dynamic model in estimating 
the demand for hired farm labor. The coefficients of the farm wage 
rate and the price of farm products were statistically significant and 
had the expected signs. The technology variable was inconclusive for 
both the family and the hired farm labor estimates. This result does 
not necessarily mean that technology has no impacts on the demand for 
farm labor. This inconclusive result may be due to the poor proxy for 
technology or to the fact that the effect of technology ·is transmitted 
to the farm labor market through the relative decline in farm product 
prices. 
In the demand function of hired farm labor market, the elasticity 
with respect to farm wage is elastic (around -1.25), compared to -0.33, 
the short-run elasticity of price for family farm labor (measured in 
farm wage rate). The price of farm products elasticity is about twice 
as large than the corresponding short-run elasticity of family farm 
labor. These results support the hypothesis that hired farm labor is 
the marginal labor input in the production process and hence is the one 
that farm operators manipulate most readily. 
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In the supply function, the nonfarm wage rate had a negative coef-
ficient which was highly significant and a dynamic model is preferred 
over the static model. The short-run wage elasti · is inelastic 
and statistically insignificant. This result is ~onsistent with the 
study by Hammonds, et al. [15] with time series data 1941-69 and a 
similar model. However, these results are inconsistent with those of 
earlier studies by Schuh [28] and Tyrchniewicz and s·chuh [32]. Using 
data from 1929-57 and 1929-61, they found that farm wage rate was highly 
significant in the hired labor supply function and had short-run elasti-
cities ranging from 0.25 to 0.65 (Table 11). One of the possible expla-
nations for this situation is that the portion of hired farm labor that 
had greater mobility and alternatives to nonfarm employment had moved 
out of the farm sector in this period. Those remaining in the farm 
sector either have fewer alternative employment opportunities or have 
much stronger commitment to agriculture. This tentative explanation 
could be investigated by examining the demographic factors of hired 
labor. (However, we do not pursue this topic of research further here.) 
The adjusted nonfarm wage elasticity is less than 1. 0 in the sh.ort run 
and becomes elastic in the long run. Further, the result that the 
adjusted nonfarm wage elasticity is somewhat larger than that of farm 
wage rate suggests that suppliers of hired farm labor are more responsive 
to nonfarm incentives than to farm wage incentives. 
Dynamic analysis of estimated structural models provide several 
interesting findings: 
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(1) The increase in price of farm product has a larger positive 
effect on family farm labor employment and income than those on hired 
farm labor employment and income. 
(2) The increase in adjusted nonfarm wage has a greater negative 
impact on hired farm labor employment than family farm labor employment 
and has a somewhat greater positive effect on the price for hired farm 
labor than the price for family farm labor. 
(3) The analysis of long-run multipliers suggests that, in the 
family farm labor market, change in price of farm product at time t 
have more far-reaching effects than change in nonfarm wage rate at time 
t (the opposite situation occurs in hired farm labor market). 
(4) Increase in labor mobility, which is measured by the trend 
variable, has positive effect on farm wage rate and negative effect 
on employment for both hired and family farm labor. The'refore, a 
greater emphasis should be put on education, training, and labor market 
information programs in order to eliminate surplus farm labor and 
raising farm wage. 
We also provide empirical evidence of the small-sample properties 
of three estimators in terms of real world data. These estimators are: 
(1) OLS, (2) 2SLS, and (3) A2SLS. The major differences are (a) compared 
to the rest of the estimates, OLS estimates are often unreasonable in 
signs and magnitude; (b) in most cases, OLS estimates of endogenous 
variables differ greatly from those estimated by 2SLS and A2SLS; (c) A2SLS 
estimates of the lagged endogenous variables are less than those estimated 
by 2SLS and OLS, especially in the case where the errors appear to be 
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autocorrelated; and (d) OLS, 2SLS, and A2SLS differ considerably by 
the order of estimated standard errors. These empirical results are 
consistent with the theoretical results on the properties of these 
estimators. 
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APPENDIX 
The List of Symbols Used in Empirical Analysis 
Descriptions 
Family farm labor employment, USDA estimates measured in 
number of workers (in thousands) on farm. 
F yit lagged one period 
"Price" for family farm labor. It is approximated by 
real hired farm labor wage as "going price" for family 
farm labor. 
Real net income per farm operator is used as an altern-
ative measure of "price" for family farm labor. 
Hired farm labor employment, USDA estimates measured in 
number of workers (in thousands) on farm. 
H ylt lagged one period. 
Index of real hired farm labor wage rate. 
Total farm labor employment, USDA estimates. It is defined 
as the sum of family farm labor and hired farm labor. 
T ylt lagged one period. 
Real farm labor wage rate is approximated by real hired 
farm labor wage rate. 
Index of prices received by farmers, all products deflated 
by index of price paid for production items excluding 
labor. 
Index of technology. 
A dummy variable is defined as 1 for the period 1941-45 
and zero otherwise. 
Symbol 
p 
~ 
p 
~s 
d. 
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Descriptions 
Index of real adjusted nonfarm wage rate. 
A time trend with 1941 = 1. 
Real adjusted nonfarm income per manufacturing worker. 
The estimated error term of the equation lagged one 
period. 
Initial estimate of the autocorrelation coefficient by 
instrumental variable procedure [see 9, 41]. 
The estimated coefficient of the variable ut-l in the 
equation [see 9, 41]. 
Final improved estimates of autocorrelation coefficients. 
It is defined as p = p + ~p [see 9, 41]. 
Residual mean square error [see 23]. 
Durkin-Watson Statistic [see 24]. 
